Abstract: Seagrass meadows, one of the most important habitats for many marine species, provide essential ecological services. Thus, society must conserve seagrass beds as part of their sustainable development efforts. Conserving these ecosystems requires information on seagrass distribution and relative abundance, and an efficient, accurate monitoring system. Although narrow multibeam sonar systems (NMBSs) are highly effective in resolving seagrass beds, post-processing methods are required to extract key data. The purpose of this study was to develop a simple method capable of detecting seagrass meadows and estimating their relative abundance in real time using an NMBS. Because most seagrass meadows grow on sandy seafloors, we proposed a way of discriminating seagrass meadows from the sand bed. We classify meadows into three categories of relative seagrass abundance using the 95% confidence level of beam depths and the depth range of the beam depth. These are respectively two times the standard deviation of beam depths, and the difference between the shallowest and the deepest depths in a 0.5ˆ0.5 m grid cell sampled with several narrow beams. We examined Zostera caulescens Miki, but this simple NMBS method of seagrass classification can potentially be used to map seagrass meadows with longer shoots of other species, such as Posidonia, as both have gas filled cavities.
Introduction
Seagrass are submersed marine angiosperms that grow mainly on sandy or muddy substrates in shallow coastal and estuarine waters, forming meadows to provide habitat and shelter for many marine organisms [1] [2] [3] . Although seagrass meadows are estimated to cover less than 0.2 percent of the global ocean [4] , seagrass supports different trophic levels of marine species [5] and are known to be important in spawning, and larval and juvenile stages of many commercially important fish, mollusks and crustaceans [6, 7] . They contribute to the marine environment in several ways, fixing carbon via photosynthesis [8] , stabilizing bottom sediments with their root systems, and maintaining coastal water quality and clarity through nutrient uptake [9] [10] [11] [12] .
Human dependence, well-being and socioeconomic development on marine ecosystems for life have been highlighted in numerous studies [13] . Seagrass provides many goods and services to society, making it one of the most valuable marine ecosystems [14, 15] . However, human population growth [16] is placing increasing pressure on coastal ecosystems [17] . Most of the seagrass species of the world are already under threat or diminishing [4, 8, 18] , due to human activities and economic development in coastal zones (e.g., [19, 20] ). Thus, mapping and monitoring of seagrass meadows we developed a method to map seagrass meadows and estimate their relative abundance on sand beds by using only bathymetry data which simplify post-process analysis. The proposed system can be used to map seagrass meadows with long shoots growing in the sublittoral zone in real time.
Materials and Methods

Survey Area
The survey area was located off Hadenya in Shizugawa Bay, facing the Pacific Coast of Japan ( Figure 1 ). This was one of the areas most affected by the huge tsunami caused by the East Japan Great Earthquake of 11 March 2011. Tsunamis are known to cause substantial damage to coastal environments and coastal seagrass meadows [49] . Although the seagrass beds in our survey area were seriously affected by the tsunami of 2011 [50, 51] , the seagrass meadows have recovered to some extent. In the survey area, patches of only one species of seagrass, Zostera caulescense Miki were found on a shallow sandy bottom at depths around 6 m prior to the tsunami on 11 March 2011, and have recovered in 2014. On 17 July 2014, an area of 350ˆ300 m was surveyed using a NMBS to estimate the area covered with seagrass meadows and relative abundance of seagrass.
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Survey Area
The survey area was located off Hadenya in Shizugawa Bay, facing the Pacific Coast of Japan ( Figure 1 ). This was one of the areas most affected by the huge tsunami caused by the East Japan Great Earthquake of 11 March 2011. Tsunamis are known to cause substantial damage to coastal environments and coastal seagrass meadows [49] . Although the seagrass beds in our survey area were seriously affected by the tsunami of 2011 [50, 51] , the seagrass meadows have recovered to some extent. In the survey area, patches of only one species of seagrass, Zostera caulescense Miki were found on a shallow sandy bottom at depths around 6 m prior to the tsunami on 11 March 2011, and have recovered in 2014. On 17 July 2014, an area of 350 × 300 m was surveyed using a NMBS to estimate the area covered with seagrass meadows and relative abundance of seagrass. 
Data Acquisition
A high-resolution shallow-water NMBS, Sonic 2024 (R2SONIC, Inc., Singapore), was used in the survey. This NMBS collects 256 beam depths for each ping and provides variable swath coverage ranging from 10° to 160°. Operating frequencies can be selected every 10 kHz, ranging from 200 to 400 kHz. The swath coverage and the operating frequency were set to 150° and 380 kHz, respectively, because the frequency of 380 kHz could detect seagrass precisely within the swath angle of 150°. Across-and along-track angles of beam are about 0.6 and 1 degrees width at 380 kHz, respectively. The NMBS used a power of 209 dB, a gain of 14 dB, a pulse duration of 75 μs, a TVG setting of 20LogR (R = slant range), an absorption coefficient of 0 dB·m −1 , and a ping rate of 10 Hz. Since the absorption coefficient is highly influenced by salinity and water temperature profiles, we measured them before and after the survey. If the absorption coefficient is set before the survey, it is complicated to change it with the corrected coefficient in post-processing. The absorption coefficient was set to 0 dB·m −1 for convenience of post-processing.
Position and motion of the NMBS transducer (roll, pitch, heave, and heading) were measured by the inertial navigation system "POS/MV" (Applanix Corp., Richmond Hill, ON, Canada). The positioning accuracy of POS/MV varied from 0.5 to 2 m (Differential GPS mode) [52] . Sonic 2024 and POS/MV were installed on a small fishing boat (about 1 gross ton) (Figure 2 ). Both Sonic 2024 and POS/MV data were collected and analyzed using the multibeam processing software QINSy (Quality 
A high-resolution shallow-water NMBS, Sonic 2024 (R2SONIC, Inc., Singapore), was used in the survey. This NMBS collects 256 beam depths for each ping and provides variable swath coverage ranging from 10˝to 160˝. Operating frequencies can be selected every 10 kHz, ranging from 200 to 400 kHz. The swath coverage and the operating frequency were set to 150˝and 380 kHz, respectively, because the frequency of 380 kHz could detect seagrass precisely within the swath angle of 150˝. Across-and along-track angles of beam are about 0.6 and 1 degrees width at 380 kHz, respectively. The NMBS used a power of 209 dB, a gain of 14 dB, a pulse duration of 75 µs, a TVG setting of 20 LogR (R = slant range), an absorption coefficient of 0 dB¨m´1, and a ping rate of 10 Hz. Since the absorption coefficient is highly influenced by salinity and water temperature profiles, we measured them before and after the survey. If the absorption coefficient is set before the survey, it is complicated to change it with the corrected coefficient in post-processing. The absorption coefficient was set to 0 dB¨m´1 for convenience of post-processing.
Position and motion of the NMBS transducer (roll, pitch, heave, and heading) were measured by the inertial navigation system "POS/MV" (Applanix Corp., Richmond Hill, ON, Canada). The positioning accuracy of POS/MV varied from 0.5 to 2 m (Differential GPS mode) [52] . Sonic 2024 and POS/MV were installed on a small fishing boat (about 1 gross ton) (Figure 2 ). Both Sonic 2024 and POS/MV data were collected and analyzed using the multibeam processing software QINSy (Quality Integrated Navigation System, QPS Co., Zeist, The Netherlands). The dynamic correction (boat roll, pitch and heave) to NMBS data was applied in real time in the field.
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Data Analysis
Video shots and underwater photos of the sea bottom at Stns. 1 to 10 were taken by an underwater-cased video camera lowered from the boat as a drop camera and by divers on the sea bottom, respectively, for evaluating relative abundance of seagrass at the ten stations. To verify whether seagrass produced detectable echoes, water column acoustic images (WCIs) produced with the NMBS were simultaneously recorded with the software QINSy during the ground survey at Stns. 1 to 10. WCIs were visually compared with the video shots synchronized with WCIs by their recording time. Underwater photos of the sea bottom were used for qualitatively assessing relative abundance of seagrass at the ten stations, consulting references on seagrass coverage estimation guide [40, 53] .
According to the images and videos, relative abundance of seagrass at each station was classified into three categories: Category A (dense seagrass), Category B (sparse seagrass) and Category C (little to no seagrass).
Acoustic data obtained along the 16 transects were processed with a hydrographic survey software validation tool to remove false depths deeper than the actual seafloor depth, some of which are caused by multiple echoes (Figure 4 ). Bathymetry maps were created at a grid size of 0.5ˆ0.5 m using processed data. We calculated depth range and 95% confidence level (95% CL) of beam depths within each grid cell. Depth range is defined as the distance between the shallowest and the deepest beam depths within a grid cell. Because Zostera seagrass shoots and leaves reflect beams from the NMBS, depth range is used as a proxy for difference between seagrass height and bottom [47] (Figure 4 ). When Zostera seagrass grows luxuriantly, seagrass becomes high. Then, we hypothesize that relative abundance of seagrass depends on shoot heights expressed as beam depth range between the top of seagrass and the sand bed within a grid cell of a surveyed area. 
Video shots and underwater photos of the sea bottom at Stns. 1 to 10 were taken by an underwater-cased video camera lowered from the boat as a drop camera and by divers on the sea bottom, respectively, for evaluating relative abundance of seagrass at the ten stations. To verify whether seagrass produced detectable echoes, water column acoustic images (WCIs) produced with the NMBS were simultaneously recorded with the software QINSy during the ground survey at Stns. 1 to 10. WCIs were visually compared with the video shots synchronized with WCIs by their recording time. Underwater photos of the sea bottom were used for qualitatively assessing relative abundance of seagrass at the ten stations, consulting references on seagrass coverage estimation guide [40, 53] . According to the images and videos, relative abundance of seagrass at each station was classified into three categories: Category A (dense seagrass), Category B (sparse seagrass) and Category C (little to no seagrass).
Acoustic data obtained along the 16 transects were processed with a hydrographic survey software validation tool to remove false depths deeper than the actual seafloor depth, some of which are caused by multiple echoes (Figure 4 ). Bathymetry maps were created at a grid size of 0.5 × 0.5 m using processed data. We calculated depth range and 95% confidence level (95% CL) of beam depths within each grid cell. Depth range is defined as the distance between the shallowest and the deepest beam depths within a grid cell. Because Zostera seagrass shoots and leaves reflect beams from the NMBS, depth range is used as a proxy for difference between seagrass height and bottom [47] (Figure 4 ). When Zostera seagrass grows luxuriantly, seagrass becomes high. Then, we hypothesize that relative abundance of seagrass depends on shoot heights expressed as beam depth range between the top of seagrass and the sand bed within a grid cell of a surveyed area. The 95% CL is a parameter used for data quality evaluation obtained with the software [54, 55] . The International Hydrographic Organization (IHO) Standards for Hydrographic Survey [56] define the confidence level as the probability that the true value of a measurement will lie within the specified uncertainty from the measured value. One-dimensional (1D, depth) 95% confidence level is calculated by assuming a normal distribution corresponding to 1.96 times of the standard deviation [56] . If the sea bottom is flat, 95% CL becomes small due to low standard deviation of beam depths reflected by the flat sea bottom. On the other hand, it becomes greater when the sea bottom is rough. Then, we hypothesize that the 95% CL depends on spatial complexity within a grid cell produced by abundance of seagrass growing on the sand bed.
Depth range and 95% CL data of a grid of 0.5 × 0.5 m in the survey area with a grid position were imported to ArcGIS (ESRI, Inc., Redlands, CA, USA). To test the hypotheses mentioned above, we compared the depth range and 95% CL with relative abundance of seagrass estimated from underwater video and camera images at the ten stations. Values of depth range and 95% CL within a radius of 1 m at each station were created with buffer analysis of ArcGIS. Those at all stations were classified and grouped by relative abundance of seagrass judged from the underwater images. The 95% CL is a parameter used for data quality evaluation obtained with the software [54, 55] . The International Hydrographic Organization (IHO) Standards for Hydrographic Survey [56] define the confidence level as the probability that the true value of a measurement will lie within the specified uncertainty from the measured value. One-dimensional (1D, depth) 95% confidence level is calculated by assuming a normal distribution corresponding to 1.96 times of the standard deviation [56] . If the sea bottom is flat, 95% CL becomes small due to low standard deviation of beam depths reflected by the flat sea bottom. On the other hand, it becomes greater when the sea bottom is rough. Then, we hypothesize that the 95% CL depends on spatial complexity within a grid cell produced by abundance of seagrass growing on the sand bed.
Depth range and 95% CL data of a grid of 0.5ˆ0.5 m in the survey area with a grid position were imported to ArcGIS (ESRI, Inc., Redlands, CA, USA). To test the hypotheses mentioned above, we compared the depth range and 95% CL with relative abundance of seagrass estimated from underwater video and camera images at the ten stations. Values of depth range and 95% CL within a radius of 1 m at each station were created with buffer analysis of ArcGIS. Those at all stations were classified and grouped by relative abundance of seagrass judged from the underwater images.
Threshold values of depth range and 95% CL among categories of relative abundances of seagrass were obtained based on grouped data of depth range and 95% CL by categories of relative abundance.
To assess the accuracy of seagrass map created by NMBS data, the towed video shots and the category of relative abundance of seagrass map were compared. The towed video shots were extracted at 30 points among the survey line at random. Each towed video shots were categorized into three category in the same way as video shots at Stns. 1 to 10. The most frequent category of seagrass abundance in each grid within 1 m radius at each points of towed video shots were extracted by buffer analysis of ArcGIS. The accuracy of seagrass map was assessed to compare the most frequent category of seagrass abundance in each of the thirty points and the seagrass abundance estimated with the towed video shots at each point. Figure 5 shows two examples of a comparison of the WCIs with the video shots at Stns. 5 and 10. The video shots showed seagrass abundantly growing on the sand bed at Stn. 5 but not at Stn. 10. The WCIs showed reflection echoes from above-ground parts of seagrass and the sand bed at Stn. 5 but only those from the sand bed at Stn. 10. The beam depths data obtained from the NMBS could draw above-ground parts of seagrass with the sand bed at Stn. 5 and the sand bed at Stn. 10 corresponding to the WCIs and video shots ( Figure 5 ).
Results
Comparison of Water Column Acoustic Images (WCIs) with the Underwater Images
To assess the accuracy of seagrass map created by NMBS data, the towed video shots and the category of relative abundance of seagrass map were compared. The towed video shots were extracted at 30 points among the survey line at random. Each towed video shots were categorized into three category in the same way as video shots at Stns. 1 to 10. The most frequent category of seagrass abundance in each grid within 1 m radius at each points of towed video shots were extracted by buffer analysis of ArcGIS. The accuracy of seagrass map was assessed to compare the most frequent category of seagrass abundance in each of the thirty points and the seagrass abundance estimated with the towed video shots at each point. 
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Classification of Stations into Three Categories of Seagrass Relative Abundance
Stations were visually classified into three categories of relative abundance of seagrass based on the underwater photos taken by the divers. Figure 6 shows an example of three different categories of relative abundance: dense, sparse and little or no seagrass. Categories A, B and C were assigned to Stns. 2-5 (dense seagrass), Stns. 1, 6 and 8 (sparse seagrass) and Stns. 7, 9 and 10 (little to no seagrass), respectively (Table 1 
Stations were visually classified into three categories of relative abundance of seagrass based on the underwater photos taken by the divers. Figure 6 shows an example of three different categories of relative abundance: dense, sparse and little or no seagrass. Categories A, B and C were assigned to Stns. 2-5 (dense seagrass), Stns. 1, 6 and 8 (sparse seagrass) and Stns. 7, 9 and 10 (little to no seagrass), respectively (Table 1 ). 
95% CL and Depth Range and Relative Abundance of Seagrass
Mean values of 95% CL and depth range at each category of relative abundance of seagrass were presented in Figure 7 . For the 95% CL, the mean values were 1.51, 0.59, and 0.11, for grades A to C, respectively. For the depth range, grades from A to C had values of 2.14, 0.95 and 0.16 respectively.
Both the 95% CL and the depth range had a positive relation with relative abundance of seagrass. As the relative abundance of seagrass became higher, the mean values of both parameters increased. In order to create a relative abundance of seagrass, the middle value of 95% CL and depth range between each grade were used as threshold values for each category. Categories of seagrass were defined as: dense, sparse, or little to no seagrass (Figure 7) . 
Distribution of Seagrass Meadows
The sea bottom gently inclined north-westwards and a very shallow bottom was distributed along the northeast end (Figure 8a ). The high resolution bathymetry map showed that the seagrass meadows were distributed as a turf pattern in an area with bottom depths of around 6 m from the west end to centre area along the transversal direction in the middle latitude part of the map ( Figure  8a ). Categories of relative abundance of seagrass were mapped by categorizing mean values of depth range and 95% CL within a grid ( Figure 8B,C) . The area as the turf pattern in the high resolution bathymetry map overlapped with the areas with green and yellow colours of 95% CL and depth range. In the maps of relative abundance of seagrass ( Figure 8B,C) , categories of sparse seagrasses in the north region, especially northeast corner, where no seagrass was distributed in the high-resolution bathymetry map, were present in the maps of categories of 95% CL and depth range.
The numbers of grid cells for categories of relative abundance of dense and sparse seagrasses based on 95% CL were 49,657 and 17,656 grids equivalent to areas of 12,414.25 m 2 and 4414 m 2 respectively. Those for categories of relative abundance of dense and sparse seagrasses based on depth range were 51,879 and 14,180 grids equivalent to 12,969.75 m 2 and 3545 m 2 , respectively. An area with categories of relative abundance of seagrass, excluding the category of little to no seagrass was 16,828.25 m 2 by the former and 16,514.75 m 2 by the latter. The difference of total seagrass area, excluding the category of little to no seagrass between 95% CL and depth range was 313.5 m 2 . Table 2 shows error matrix of seagrass map of 95% CL and depth range. Overall accuracy of depth range (0.83) was slightly higher than of 95% CL (0.80). 
The sea bottom gently inclined north-westwards and a very shallow bottom was distributed along the northeast end (Figure 8a ). The high resolution bathymetry map showed that the seagrass meadows were distributed as a turf pattern in an area with bottom depths of around 6 m from the west end to centre area along the transversal direction in the middle latitude part of the map (Figure 8a) . Categories of relative abundance of seagrass were mapped by categorizing mean values of depth range and 95% CL within a grid ( Figure 8B,C) . The area as the turf pattern in the high resolution bathymetry map overlapped with the areas with green and yellow colours of 95% CL and depth range. In the maps of relative abundance of seagrass ( Figure 8B,C) , categories of sparse seagrasses in the north region, especially northeast corner, where no seagrass was distributed in the high-resolution bathymetry map, were present in the maps of categories of 95% CL and depth range.
Discussion
Seagrass echoes are recorded as beam depths and are observed as a turf pattern consisting of many small peaks in the high-resolution bathymetry map. This area also corresponds to the areas with relative abundance of seagrass from low to high seagrass categories classified with depth range and 95% CL. Therefore, it is possible to map seagrass beds with both depth range and 95% CL. Distributions and areas of three categories based on depth range were similar to those based on 95% CL. In flat bottom areas, both the 95% CL and the depth range showed good correspondence with the relative abundance of seagrass. Since Di Maida et al. [47] suggested that the depth range is highly influenced by the seagrass shoot length of Posidonia oceanica L., it is natural that depth range reflects seagrass distributions. This study shows that 95% CL is also influenced by shoot length and density within a grid. Thus, depth range and 95% CL are very practical for mapping seagrass distributions with categories of relative abundance of seagrass.
During the surveys, in situ acquisition of data with some hydroacoustic survey software can display maps of 95% CL or depth range of a grid surveyed in real time with different colours depending on designated values for 95% CL or depth range in a grid cell set before the in situ survey. This potentially enables visualization and mapping of relative abundance of seagrass in real time during the field survey.
In the northeast corner with shallower rough seafloor, categories of relative abundance of dense and sparse seagrass classified with depth range and 95% CL were found. The rugged bottom topography influences the depth range and the 95% CL. Therefore, these categories also appeared in the northwest corner. However, it is obvious that rugged bottom can be distinguished from seagrass meadow using the bottom topography. In the bathymetry map, seagrass meadow appears as many small peaks on the flat sand bed, while rough seafloor or rugged bottom do not have these peaks. Thus, it is easy to distinguish seagrass meadows from rugged bottom by using the bathymetry map.
Although the above-mentioned problem exists, mapping categories of relative abundance of seagrass using the 95% CL or depth range has several advantages over post-processing methods (e.g., [37] ). The first advantage is that seagrass relative abundance can be mapped in real time using some hydrographic survey software when collecting field data. The second advantage is that the proposed method creates a high-resolution seagrass map such as 0.5ˆ0.5 m in real time.
Several studies have approached the mapping of seagrass beds using acoustic sonars, but mapping of its abundance is an ongoing process. Tecchiato et al. [40] investigated the discrimination and estimation of the relative abundance of seagrass and seaweed in Western Australia using NMBS backscattering data and reported that the acoustic response from seagrass, macroalgae, and a low-density mix of the two were too similar for discrimination based on acoustic backscattering properties. They used the angle cube method developed by Parnum [42] to analyze NMBS backscattering strengths. Although the angle cube method is a powerful method for visualising seafloor backscatter strength data, processing of the data can be complicated and the grid cell size is nearly 2ˆ2 m due to spatial interpolation [40] [41] [42] 57] . In general, seagrass meadows have a complex structure including small patches that change from higher density areas to lower density ones over short distances. Sometimes, seagrass meadows have uncolonized areas inside the patch such as gaps. In this situation, smaller grid cell sizes are more likely to be realistic and to represent the seagrass distribution. Using the 0.5ˆ0.5 m grid cell size in this study, we were able to reproduce low-density seagrass patches and gaps of uncolonized areas inside the meadow (Figure 8 ). Grid cells sizes of less than or equal to 0.5ˆ0.5 m are desirable for seagrass mapping studies.
Conclusions
The most important advantage of the proposed technique is that the relative abundance of seagrass on the flat sand bottom can be estimated in real time using both the 95% CL and the depth range. Most of the hydrographic survey software for collecting sea bottom data during surveys can display in situ 95% CL, and standard deviation of depth range or depth range of grid cells with different colors using personalized threshold values. Thus, it is possible to visually obtain an overview of the relative abundance of seagrass distribution in real time. Additionally, the simplicity of both the collection method and post-processing allow for continued monitoring of specific areas with less sampling effort and shorter processing times.
